We analyze the extension of the Minimal Supersymmetric Standard Model which includes extra Y = (0, ±1) supersymmetric triplets with a global SU (2) L ⊗ SU (2) R symmetry spontaneousy broken to the custodial SU (2) V by the vacuum expectation value of the neutral scalar components of doublets and triplets. The model is the supersymmetrization of the non-supersymmetric model introduced long ago by Georgi and Machacek where the ρ parameter is kept to unity at the tree-level by the custodial symmetry. Accordingly the scalar sector is classified into degenerate SU (2) V multiplets: singlets, triplets (including the one containing the Godstone bosons) and fiveplets. The singly and doubly charged chiral superfields play a key role in the unitarization of the theory. The couplings of the Standard Model-like Higgs to vector bosons (including γγ) and fermions, and the corresponding Higgs signal strengths, are in agreement with LHC experimental data for a large region of the parameter space. Breaking of custodial invariance by radiative corrections suggests a low-scale mechanism of supersymmetry breaking.
Introduction
Discovering the mechanism of electroweak symmetry breaking (EWSB) is one of the main theoretical issues in particle physics and one of the main experimental goals of the LHC. The recent discovery in the ATLAS [1] and CMS [2] collaborations of a resonance with a mass around 126 GeV, and with couplings to gauge bosons and fermions similar to those of the Standard Model (SM) Higgs, seems to point towards the Higgs doublet structure of the SM. However in view of possible departures of Higgs strengths with respect to the SM ones (as e.g. in the γγ channel) it is interesting to search for possible extended Higgs structures and theories where other neutral and (singly or doubly) charged states do appear. In particular the inclusion of triplets is banned by precision observables: they contribute at tree level [when they get a vacuum expectation value (VEV)] in a non-custodial invariant way to the masses of the W and Z gauge bosons thus generating a large contribution to the ρ parameter (i.e. the T parameter) which is forbidden by experimental data. Compatibility of scalar triplets with electroweak precision data was enforced by Georgi and Machacek (GM) in Ref. [3] where they introduced a global SU(2) R symmetry in the Lagrangian such that the electroweak vacuum respects the custodial symmetry SU(2) V subgroup of SU(2) L ⊗ SU(2) R . This model was subsequently developed in a number of articles [4] [5] [6] and it has recently received a lot of attention in relation with the recent LHC results [7] [8] [9] [10] [11] [12] [13] [14] .
At a more theoretical level the SM Higgs square mass exhibits a quadratic sensitivity to the scale (a.k.a. hierarchy problem) which makes it difficult to understand the big hierarchy between the electroweak scale and the (cutoff) scale below which we can believe the SM as an effective theory: Planck mass, unification scale, right-handed neutrino mass, . . . This problem is shared by generic extensions of the SM as the two Higgs doublet model and of course the GM model [3] for which, on top of that, the ρ parameter has been shown, see Ref. [6] , to exhibit a quadratic sensitivity to the scale which makes its value unpredictable.
In order to cope with these problem some extensions of the SM have been proposed. One of the most appealing and simple solutions is to introduce supersymmetry where the contribution to the Higgs square mass of the superpartners cancels in the radiative corrections the quadratic sensitivity induced by the SM particles. In particular the Minimal Supersymmetric extension of the SM (MSSM) was proposed as the simplest of such extensions where the hierarchy problem is solved. However the experimental value of the Higgs mass makes it necessary to introduce largish values of supersymmetric parameters in the stop sector which generates a little hierarchy problem. In order to alleviate this problem the existing possibilities are: i) extending the gauge sector, and thus generating mass contribution from the extended D term or, ii) extending the Higgs sector, by introducing singlets and/or triplets and thus generating extra mass contributions from the extended F terms. The latter possibility being the most economical one, as it does not require extending the gauge structure of the SM, has been considered since long ago by many authors [15] [16] [17] [18] [19] , having in mind mainly the improvement on the fine-tuning as well as having extra contributions to the γγ rates [20] [21] [22] . In particular extensions including Higgs triplets have the advantage of having extra singly and/or doubly charged states which contribute in loops to the γγ rates and can thus easily modify the SM (or the MSSM) decay rates in case a diphoton excess be confirmed by the future LHC13-14. However extensions with triplets have the problem that the neutral triplet component acquire a VEV, which has to be small enough to cope with the present electroweak data, a problem of course shared with their non-supersymmetric partners. In order to implement a small enough VEV for the neutral triplet components, leaving apart an unnatural fine-tuning of supersymmetric parameters, the soft breaking mass of the triplet has to be in the TeV (or multi TeV) region where the scalar triplet essentially decouples from the MSSM Higgs sector. This in turn generates a little hierarchy problem as below the scale of triplet scalars the quadratic sensitivity produced by the triplet fermions is not canceled by the corresponding contribution from the triplet scalars. The only solution to this problem is to decouple the neutral triplet component VEV from the constrain from electroweak observables: the same problem that the GM model was intended to solve. In other words this problem can be solved by the supersymmetrization of the GM model.
In this paper we provide a supersymmetric extension of the GM model and discuss some of its main theoretical and phenomenological features. In section 2 we extend the Higgs content of the MSSM by triplets with hypercharge Y = 0, ±1 and define the superpotential and soft breaking terms which are invariant under the global SU(2) L ⊗SU(2) R . In particular the MSSM Higgs sector is classified into a bi-doublet and the extra triplets into a bi-triplet. We identify the custodially invariant minimum where the diagonal subgroup SU(2) V ⊂ SU(2) L ⊗ SU(2) R is preserved and study the conditions for the EWSB mechanism. The lengthy and detailed expressions of the scalar potential in component fields is postponed to appendix A while some mathematical details on the way the vacuum preserves the custodial invariance are given in appendix B. Finally the supersymmetric components of the MSSM doublets and triplets are decomposed into representations of SU(2) V , i.e. in singlets, triplets and fiveplets. In section 3 we analyze the Higgs sector of the present model and identify the mass eigenstates of the custodial invariant spectrum. In particular we find four singlets (two scalars and two pseudoscalars). The mass of one of the scalars (S 1 ) is not controlled by the supersymmetry breaking (but by the electroweak breaking) scale and thus it can be identified with the SM-like Higgs. One of the pseudoscalars plays the role (in the limit when the neutral component of the triplets do not acquire any VEV) of the MSSM pseudoscalar. There are also four triplets, one of them is massless and contains the neutral and charged SM Goldstone bosons, and two fiveplets. The component fields of custodial multiplets are degenerate in mass, except for some tiny contribution O(g ′2 ) for the neutral with respect to the charged components of the triplets. No attempt has been made to scan over the large parameter space. Instead we have fixed the mass of the S 1 scalar to 126 GeV, chosen some generic values of the supersymmetric mass parameters and determined the supersymmetric coupling λ of the bi-triplet to the MSSM Higgs sector as a function of the triplet VEV v ∆ , λ(v ∆ ). We have made a numerical analysis of the Higgs mass spectrum, as well as the location of the Landau pole, along the λ(v ∆ ) trajectory. As for the location of the Landau pole, the renormalization group equations (RGE) as well as some notation are fixed in appendix C. Finally we have made some general considerations about the different decoupling regimes. In section 4 the fermion sector is considered in some detail, including seven neutralinos, and four singly charged and two doubly charged charginos. Numerical results for mass eigenvalues are presented along the λ(v ∆ ) trajectory. A short discussion on perturbative unitarity for the elastic scattering of longitudinal gauge bosons (in particular for
is performed in section 5 where we can see the role played for the singly and doubly charged states for the unitarization of the theory. This calculation is also an interesting cross-check of the model couplings. The tree-level Higgs couplings to vector bosons and fermions are presented in section 6.1 in terms of the different mixing angles, and plots of the different couplings for the SM-like Higgs S 1 and its heavier orthogonal state S 2 along the λ(v ∆ ) trajectory are shown. Likewise similar results for the one-loop coupling to γγ are presented in section 6.2 and for the different signal strengths for the gluon-fusion and vector boson-fusion Higgs production mechanisms in section 6.3.
A discussion on the breaking of custodial symmetry by radiative corrections is done in section 7. In particular we have assumed a set of supersymmetry breaking parameters respecting the superpotential global symmetry, i.e. SU(2) L ⊗ SU(2) R . Custodial symmetry at the electroweak scale is then exact only if the mechanism of supersymmetry breaking respects the custodial symmetry group and if the scale of supersymmetry breaking is around electroweak scale. Since we are assuming the former condition, but obviously not the latter, our setup is a good enough approximation only if supersymmetry breaking takes place at a low scale since the RGE evolution of supersymmetric masses will trigger departure from the custodial symmetry as the top quark Yukawa and hypercharge couplings break it explicitly. We have numerically analyzed this phenomenon by a small perturbation off the custodial minimum induced by the top Yukawa coupling (the leading effect breaking the custodial invariance). We have proved the self-consistency of the approximation as the relative departure of the minimum VEVs with respect to the exact custodial minimum is always below 10%. Although the departure depends not only on the scale but also on the detailed mechanism of supersymmetry breaking we can set a reasonable absolute upper bound v ∆ 25 GeV. This value of v ∆ is enough to prevent the existence of superheavy scalar triplets (unlike in models with triplets and without custodial symmetry where phenomenological bounds on the T parameter require scalars with masses 1.5 TeV [22] ) as for our choice of parameters the heaviest scalar has a mass around 800 GeV. Finally section 8 is devoted to our conclusions.
is complemented with SU(2) L triplets, Σ −1 , Σ 0 and Σ 1 with hypercharges Y = (−1, 0, 1)
2)
The two doublets and the three triplets are organized under SU(2) L ⊗ SU(2) R asH = (2,2), and∆ = (3,3) wherē
and T 3R = Y . The invariant products for doublets A · B ≡ A a ǫ ab B b and anti-doublets A ·B ≡Ā a ǫ abB c are defined by ǫ 21 = ǫ 12 = 1. The SU(2) L ⊗ SU(2) R invariant superpotential is then defined as
and the total potential
where
can be easily computed. The total expression in component fields can be found in appendix A.
The neutral components of all fields can be parametrized as
where we define by v 1 , v 2 , v φ , v χ and v ψ the VEVs for the fields H 
R symmetry is broken to the custodial (diagonal) subgroup SU(2) V (see appendix B) and the (tree-level) parameter ρ 0 = 1. The tadpole conditions
Conditions (2.9) guarantee the existence of a non-trivial extremal but by no means enforce electroweak breaking. A set of sufficient conditions for the existence of a non-trivial minimum can be imposed by the condition det H| 0 < 0 (where H| 0 is the Hessian matrix, or matrix of second derivatives, at the origin) which implies that the origin is a saddle point. This condition translates into a set of constraints in the space of supersymmetric parameters. To leading order in v ∆ these conditions can be written as
which hold for small values of v ∆ . Of course when v ∆ grows conditions (2.10) are not a good approximation. In order to illustrate this fact we will consider here a particularly simple set of supersymmetric parameters
which we will be using hereafter. We show in Fig. 1 fulfills (does not fulfill) the electroweak breaking condition. In the plots of Fig. 1 we can see that, for fixed values of the supersymmetric parameters, there is an upper bound on the value of v ∆ such that beyond the bound electroweak symmetry breaking does not hold. As we will see in the next sections the chosen values of supersymmetric parameters are consistent with a SM-like Higgs with a mass ∼ 126 GeV.
Before discussing the mass spectrum we will change the statesH and∆, which are representations of the Lagrangian group SU(2) L ⊗ SU(2) R symmetry, into representations of the custodial vacuum SU(2) V symmetry. To this end we will decompose the representations asH = h 1 ⊕ h 3 and∆ = δ 1 ⊕ δ 3 ⊕ δ 5 where the subscripts indicate the dimensionality of the SU(2) V representations and
Notice that the field components of h 1,3 and δ 1,3,5 are complex. After electroweak breaking they decompose into real representations of SU(2) V with a common mass for all components, including the massless Goldstone triplet. We then decompose the neutral components of fields in (2.12) and (2.13) as
3 The Higgs sector
We will describe in this section the spectrum of the scalar and pseudoscalar sectors 1 after electroweak breaking in the custodial minimum. Because of the residual custodial invariance of the Higgs sector the mass eigenstates transform as representations of the custodial group SU(2) V (i.e. singlets, triplets and fiveplets) which makes it possible to compute analytical expressions for the mass eigenvalues and mixing angles.
The SU (2) V triplet sector
We will first describe the triplet sector which in particular contains the Goldstone triplet. There are two pseudoscalar triplets, the massless triplet
T describing the massless Goldstone bosons and the massive triplet A = (A + , A 0 , A − ) T , with components
where the mixing angle is defined as
and v = 174 GeV. The mass of the triplet A is given by
As we have seen from Fig. 1 one expects v ∆ < v H and therefore it will be useful to provide the series expansion of the different masses and mixing angles in powers of v ∆ . We will just present series expansions in powers of v ∆ to have an analytical feeling of the results although the numerical analysis will be done with the complete expressions. In particular for the squared mass in (3.3) one can write the expansion
There are also two scalar triplets (T H , T ∆ ) defined as
which are mixed by the squared mass matrix M 2 as
The complex fiveplet in∆ splits into two fiveplets: a scalar fiveplet F S which contains the neutral scalar δ 0 5R , and a pseudoscalar fiveplet F P which contains the neutral pseudoscalar δ 0 5I . They are defined as
The presence of the O(g ′2 ) terms can be easily accounted for by just keeping in mind the different definition of G 2 for the mass eigenstates and mixing angles of the neutral and charged components of the triplets.
with masses squared
The power expansion in v ∆ of m
Moreover there are in the spectrum two real neutral scalar (h
The eigenvectors can be written in terms of the rotation with angle α S as
where the mixing angle α S is defined as in Eq. (3.9) and we are assuming that m
. The expansion of the mass eigenvalues and the mixing angle in powers of v ∆ yields
From Eq. (3.17) we can see that the scalar singlet S 1 plays the role (in the limit where v ∆ → 0) of the light CP -even MSSM Higgs h when decoupled triplets are added in the superpotential [22] .
Finally there are also two pseudoscalar singlets (h
The eigenvectors can be written in term of the rotation with angle α P as
where again the mixing angle α P is defined as in Eq. (3.9) and we are assuming that m
Notice also from Eq. (3.21) that the pseudoscalar P 1 plays the role (in the limit v ∆ → 0) of the massive MSSM pseudoscalar.
Numerical analysis
In this section we will provide plots of the mass eigenvalues previously obtained in this section. We will make the choice of parameters used in the left panel of Fig. 1, i .e.
As for the value of λ we will trade it for the mass m S 1 ≃ 126 GeV by identifying the mass eigenstate S 1 with the recently discovered Higgs-like particle at the LHC. As the relevant values of λ are moderately small we will consistently neglect the radiative corrections to the mass eigenvalue arising from the λ coupling and those from the bottom quark Yukawa coupling (as tan β = 1), and will only keep those coming from the top Yukawa coupling. Moreover as we are neglecting trilinear soft supersymmetry breaking terms in (3.22) we will do so for the trilinear coupling A t in the stop sector which we will neglect. On the other hand this choice is the most conservative one as, in the absence of threshold corrections from the stop sector, the only tree level contribution to the Higgs mass comes from the coupling λ which (along with the leading radiative corrections) has to cope with the experimental value of the Higgs mass. Therefore by including the leading (∝ h t α 3 ) [23] one obtains for m t ≃ 650 GeV that radiative corrections amount to a contribution ≃ (72 GeV) 2 to the squared Higgs mass which leaves a tree-level squared mass contribution ≃ (104 GeV)
2 . The corresponding value of λ is A very general feature of this model is that it requires an ultraviolet (UV) completion as the dimensionless couplings reach Landau poles for scales below the Planck scale as an effect of the renormalization group running. In turn radiative corrections provided by the top quark Yukawa coupling and by g ′ break custodial invariance of dimensionless couplings at high scales. A detailed discussion and technical details of this issue can be found in appendix C. In the right panel of Fig. 2 we plot the value of the Landau pole for the couplings as a function of v ∆ for the custodial values of the parameters at m t given in Eq. (2.11). The origin of the existence of the Landau pole is three-fold:
• The very existence of three SU(2) L triplets makes the weak coupling g become nonperturbative at one-loop at a scale ∼ 10 13 GeV.
• The larger v ∆ , the larger the top Yukawa coupling h t (m t ), as it has to compensate for the smallness of the Higgs VEV v H which couples to the top quark. This by itself should put a bound on the value of v ∆ as the raw bound h t (m t ) 4π already translates into the bound v ∆ 86 GeV.
• The starting value of λ(m t ) has to cope with the experimental value of the Higgs mass m h = 126 GeV after considering the top-stop sector radiative corrections to the Higgs mass. We have conservatively assumed zero mixing in the stop sector A t ≃ 0 so that for other values of the mixing (as e.g. for maximal mixing A t ≃ √ 6m Q ) the initial value λ(m t ) can be decreased and thus the location of the Landau pole moved away.
As a consequence of this behavior we conclude that the considered model requires low-scale supersymmetry breaking as we will also discuss in section 7.
The masses of the eigenstates studied earlier on in this section are provided in Fig. 3 for the choice of supersymmetric parameters given in Eq. (3.22) . We are using the same color code for the mass eigenstates which are mixed, through a mixing angle, from the original interaction states: in all cases the eigenstates which decouple in the v ∆ → 0 limit are presented in solid lines and their companions in dashed lines. As we can see from Fig. 3 S 1 (the SM-like Higgs) is the lightest scalar and the second to lightest scalar is F S which is supermassive for v ∆ → 0 but becomes as massive as S 1 for v ∆ ≃ 25 GeV. We could think that this is in conflict with present experimental data for the present choice of supersymmetric parameters. However, as we will see in the following section, this state will be weakly coupled to gauge bosons, as its couplings are suppressed by sin θ, and it is not coupled at all to fermions. The third to lightest scalar is S 2 which is supermassive in the limit v ∆ → 0 and whose mass becomes ≃ 300 GeV for v ∆ ≃ 25 GeV. Unlike F S this state is coupled to both gauge bosons and fermions but, as it is the orthogonal combination to the SM-like Higgs S 1 , it is weakly coupled and should not be easily detected at LHC. Finally the heaviest scalars, T 1 and T 2 are superheavy. Similarly the lightest pseudoscalar is A, the orthogonal combination to the Goldstone bosons, whose mass grows when v ∆ → 0. In the region v ∆ ∼ 25 GeV its mass is m A ≃ 250 GeV. It does not couple to gauge bosons and its coupling to fermions is suppressed by sin θ. Notice that rates with couplings proportional to sin θ are suppressed by sin 2 θ 0.16 for v ∆ 25 GeV.
General considerations on decoupling regions
From the previous results in this section it is clear that there are two decoupling limits in the Higgs sector:
• The limit m ∆ → ∞ (i.e. v ∆ → 0) in which case all states arising from the triplet∆ are very heavy and decouple from the Higgs sector in the doubletH. In this limit the heavy states are the scalar S 2 and pseudoscalar P 2 singlets, the scalar T 2 and pseudoscalar A triplets and the scalar F S and pseudoscalar F P fiveplets. Similarly the light states are (apart from the massless Goldstone triplet G) the scalar S 1 and pseudoscalar P 1 singlets and the scalar triplet T 1 . As v ∆ < v H we expect this limit to provide an approximate classification of the states.
• The limit m H → ∞ (i.e. m 
The fermion sector
In this section we will present the mass matrices for fermions in the Higgs doublet-triplet mixed sectors.
Neutralinos
In the basis (B,W 3 ,H 
Charginos
The mass Lagrangian for charginos with Q f = ±1 in the basis
In Finally for the doubly charged fermions (ψ ++ ,χ −− ) the Dirac mass is given by
which using the chosen set of parameters in Eq. (2.11) is M ±± 1/2 ≃ µ ∆ = 250 GeV.
Unitarity
Perturbative unitarity translates into bounds on scattering amplitudes involving longitudinally polarized gauge bosons [24] . In particular the condition to achieve perturbative unitarity is that tree-level scattering amplitudes
where V L denotes the longitudinal polarization of the gauge boson V , mediated by the Higgs sector reproduce at high energy (s → ∞) the SM behavior. These amplitudes involve the trilinear couplings g HV V where H goes over the set of mass eigenstates described in section 3. The relevant couplings are listed here 3 :
In order to exhibit how unitarity works in this model we will choose two particular amplitudes: the elastic scatterings
In this reaction the SM Higgs h contributes in the t-channel and therefore in the limit s → ∞ the amplitude is proportional to t with the coupling
In the supersymmetric custodial triplets model (SCTM) there are neutral scalars H 0 i = S 1 , S 2 , F 0 S which contribute in the t-channel and provide an amplitude proportional to t in the limit where s → ∞. On the other hand F + S is exchanged in the s and u-channels and provides amplitudes proportional to s + u ≃ −t. Therefore the total amplitude is proportional to t with a coupling equal to
Now we can see that using Eqs. 
The scattering
In this reaction the SM Higgs h contributes in the t and u channels so that in the limit where s → ∞ the amplitude is proportional to t + u with a coupling
Similarly to the previous amplitude, in the SCTM the neutral scalars H 0 i contribute to the t and u channels with an amplitude, in the limit s → ∞, proportional to t + u ≃ −s. Moreover the doubly charged scalar F ++ S is exchanged in the s channel with an amplitude proportional to s. Adding up the four terms one gets an amplitude which, in the asymptotic limit, is proportional to the coupling
which, using the actual values of the couplings in (5.1), reproduces the SM result, Eq. (5.4).
The neutral Higgs rates
In this section we will study the CP-even neutral Higgs (H = S 1 , S 2 , F 0 S , T 1 , T 2 ) rates to a pair of gauge bosons V V (V = W, Z, γ) and SM fermions f f (f = t, b, τ ). We will first consider tree-level processes.
Tree-level rates
The angles α S and θ play a fundamental role in the interactions of the CP-even Higgses contained in SU(2) V singlets (S 1 , S 2 ) with the SM fields, as shown in Eq. (5.1) and Table 1 .
sin α S sin θ cos α S cos θ sin α S cos θ + 8 3 cos α S sin θ sin α S cos θ Table 1 : Ratios (6.1) for the different channels.
The ratios r HXX are the quantities
where g HXX and g SM hXX are the couplings between the Higgs H and the field X in the SCTM and in the SM, respectively. Similarly the couplings of the CP -even scalars contained in the triplets T i (i = 1, 2) and fiveplets F 0 S are controlled by the angles α T and θ as given in Table 2 .
We plot in Fig. 6 the ratios of the SM-like Higgs S 1 couplings to gauge bosons r S 1 V V (left panel, solid line) and fermions r S 1 f f (left panel, dashed line). We also present the corresponding couplings of its orthogonal partner S 2 couplings to gauge bosons r S 2 V V (right 
The diphoton rate
In this model the extra charged states will contribute to the S 1 → γγ decay rate when they propagate in the loop. This rate is dominated in the Standard Model by the propagation of W gauge bosons and top quarks in the loop. The extra contribution from a bosonic or fermionic Q-charge sector can be determined from the QED effective potential [25, 26] 
S for a complex Q Scharge spin-0 boson (N c being the number of colors of the corresponding field) and where we have subtracted from the determinant in (6.3) possible zero-modes (e.g. charged Goldstone bosons). By expanding L γγ to linear order in the fields X R and projecting them into S 1 we get for the ratio r S 1 γγ the general expression
where A 1 (τ W ) ≃ −8.3 and A 1/2 (τ t ) ≃ 1.4 and
where we have replaced the minimum conditions (2.9) in the mass matrices M Q J in (6.5) but not the field VEVs so that they depend on the background fields
In particular it is easy to deduce the contribution from the SM particles (t, W ± ) in the second line of Eq. (6.5) from the general expression in the third line of (6.4) by using the background dependent masses
As we have doubly charged fields, both in the fermionic and the bosonic sectors, they are expected to dominate the γγ production as this one is proportional to Q 2 . Actually we define the excess in γγ with respect to the Standard Model production as
where ∆r S 1 γγ is the excess in r S 1 γγ , with respect to the Standard Model contribution, coming from the modified coupling of the Standard Model fields and from the extra charged particles. This excess is plotted in the left panel of Fig. 7 where the solid line corresponds to the extra contribution from W and t coming from the modified coupling of these particles to the Higgs S 1 , the dashed line the contribution from the doubly charged scalar F ±± S which becomes lighter with increasing values of v ∆ (see Fig. 3 ) and the dotted line the contribution from the doubly charged charginos, where we have taken M 2 = 150 GeV. The full value of r S 1 γγ is plotted in the right panel of Fig. 7 for M 2 = 150 GeV (solid line) and M 2 = 300 GeV (dashed line). 
Higgs signal strengths
From the values of r S 1 XX determined in the previous section one can compute the predicted signal strength R S 1 XX of the decay channel S 1 → XX, with X = V, f, γ:
In particular for the gluon-fusion (gF), the associated production with heavy quarks (S 1 tt), the associated production with vector bosons (V S 1 ) and the vector boson fusion (VBF) production processes, one can write R (gF ) Fig. 8 we plot R We can see that large values of v ∆ trigger deviations with the Standard Model expectations although no strong statement can be made at this moment from experimental results. We can just quote the ATLAS best fits for global signal strengths in individual channels [1] : R hτ τ = 0.8 ± 0.7, R hW W = 1.0 ± 0.3 and R hZZ = 1.5 ± 0.4 and R hγγ = 1.6 ± 0.3.
Breaking custodial symmetry
Up to now we have considered that the Higgs sector respects a global SU(2) L ⊗ SU(2) R invariance while the vacuum preserves the diagonal (custodial) symmetry subgroup SU(2) V . As the Yukawa and hypercharge couplings explicitly violate the custodial symmetry, radiative corrections, mainly those of the top quark Yukawa coupling, will spoil the custodial invariance of the vacuum. If the custodial vacuum should be considered as a good approximation we should impose some conditions on the fundamental (UV) theory responsible for supersymmetry breaking:
• The first condition is that soft supersymmetry breaking generated at some scale M respects the SU(2) L ⊗ SU(2) R symmetry in the Higgs sector. This means that supersymmetry breaking is generated by effective operators as
where the spurion field X = θ 2 F is responsible for supersymmetry breaking. In other words we will require the same soft mass for scalars in H 1 and H 2 and similarly for scalars in Σ 0 , Σ 1 and Σ −1 . This is not a very constraining condition as it is fulfilled e.g. in minimal SUGRA models 4 .
• Soft breaking masses run according to the RGE between the scale M and the typical scale where supersymmetric partners decouple which we can identify with m Q . These radiative corrections spoil the custodial invariance of the minimum through the custodially violating couplings, mainly the top Yukawa coupling. Therefore the second condition is that the breaking induced by RGE between the scales M and m Q be consistent with electroweak precision measurement, in particular with the T -parameter which measures the failure of custodial invariance. This translates into a small enough value of the variable log(M/m Q ) which is responsible for the RGE running 5 . We will qualify this second condition in the rest of this section.
In the theory with SU(2) L ⊗SU(2) R invariance in the Higgs sector the minimum equations (2.8) at the VEV
are identically satisfied at the custodial point tan β = 1, δφ = δψ = δχ = 0 and translate into the two conditions, Eqs. (2.9). Let us consider for simplicity only the leading effect of custodial breaking provided by the top Yukawa coupling 6 . In this case the soft breaking masses of the Higgs fields H 1 and H 2 are no longer equal as the top Yukawa coupling induces a negative correction on the mass of H 2 as m Moreover from the other four equations non-zero values of (tan β − 1, δφ, δψ, δχ) will be triggered by the non-zero value of δm 2 H . In particular the non-zero value of (δφ, δψ, δχ) will produce a non-zero value of the T observable as
which is constrained to the region −0.09 < T < 0.23 at the 95% CL [28] . We will linearize the four equations ∂V /∂H Fig. 9 we see that the departure of tan β from one is less than 30% while the size of δ depart from zero by less than 0.1 in all cases. As a consequence the allowed region in the (δm Notice that, as we already pointed out, the value of the parameter δm 
Conclusion
In this paper we have proposed a supersymmetric model with Y = (0, ±1) triplets whose Higgs sector exhibits a global SU(2) L ⊗ SU(2) R symmetry which is spontaneously broken to the diagonal (custodial) SU(2) V in the theory vacuum. Of course supersymmetry is motivated by the solution to the hierarchy problem. The model consists in a supersymmetrization of the (non-supersymmetric) model proposed long ago by Georgi and Machacek in Ref. [3] where the tree-level ρ parameter is kept to unity by the remaining custodial symmetry even if the neutral components of Higgs triplets acquire a non-vanishing VEV v ∆ . Moreover we expect that supersymmetry will take care of the quadratic sensitivity exhibited by radiative corrections to the ρ parameter in the original GM model [6] . In spite of having three supersymmetric triplets on top of the MSSM superfields the bosonic sector of the model has a very simple structure as a consequence of the underlying SU(2) V symmetry: scalars are classified into singlets, triplets and fiveplets with degenerate masses.
The conditions for electroweak symmetry breaking at the custodial minimum are easily satisfied. Although we have not investigated other possible local minima where custodial symmetry might be explicitly broken we expect such a non-custodial minimum to be energetically disfavored with respect to the custodial one. Neither have we tried to scan over the parameter space of the model. Instead we have chosen generic values of the supersymmetric parameters and adjusted, for every value of v ∆ , the custodial superpotential coupling λ = λ(v ∆ ) of triplets to the MSSM Higgs sector such as the mass of the SM-like scalar reproduces the experimentally observed value of the Higgs boson mass at LHC ∼ 126 GeV. We have found, unlike in the MSSM, two different decoupling regimes: i) The limit where m ∆ → ∞ in which case the triplet scalars become infinitely heavy and are decoupled from the doublet scalars. From the minimization equations this limit amounts to v ∆ → 0. Un-like in the custodially unprotected models this limit is not compelling in our model as the tree-level value of the ρ parameter is one; ii) The limit where m 2 3 → ∞, where m 2 3 is the soft breaking coefficient of the Lagrangian term H 1 · H 2 . This decoupling regime is similar to the MSSM one. Actually in the whole decoupling regime the only surviving light state is the SM-like Higgs as expected. On the other hand, as lots of LHC phenomenological studies are performed for the non-supersymmetric GM model [7] it should be interesting to recover the latter from our supersymmetric model [29] .
The couplings of the SM-like boson to vector bosons (including γγ) and fermions are computed along the trajectory λ(v ∆ ) and their value as well as the Higgs signal strengths for the different Higgs production mechanisms (gluon-fusion, vector boson fusion and associated production with tops and vector bosons) is fully consistent with the ATLAS and CMS results within experimental uncertainties. We certainly expect that at LHC14 the experimental results on the different Higgs signal strengths will constrain the parameter range of our model.
An issue which we have only partially considered in this paper is that of the transmission of custodial breaking by radiative corrections mainly driven by the custodial violating top Yukawa and hypercharge couplings. In particular we have considered the splitting in the soft masses of the MSSM Higgses, H 1 and H 2 , triggered by the leading effect of the top Yukawa coupling and transmitted by the renormalization group equations. Under the assumption of a custodial mechanism of supersymmetry breaking this leads to the requirement of lowscale supersymmetry breaking. Of course quantifying the smallness of the supersymmetry breaking scale M is to a large extent model dependent. In the absence of a particular mechanism of supersymmetry breaking we can just postulate values M ∼ 10 − 100 TeV. A systematic loop analysis from electroweak observables in this model is compulsory and should be done in order to constrain regions in supersymmetric parameter space [29] . The model also has new (bosonic and fermonic) singly and doubly charged states with a rich phenomenology which should yield typical signatures at the LHC, which we have not tried to explore in this paper but that would be worth investigating in the future [29] .
Finally we would like to mention that this model, similarly to (supersymmetric or nonsupersymmetric) type-II seesaw models [5, 8, [30] [31] [32] [33] , can accommodate a renormalizable contribution to the Majorana neutrino masses through a ∆L = 2, custodial-violating, superpotential term like 
A The model potential
The superpotential (2.4) in component fields is given by
and correspondingly the F-term potential is given by
The soft breaking potential (2.6) can be written as If we make θ L = θ R and v 1 = v 2 ≡ v H the vacuum leaves unbroken the vectorial subgroup SU(2) L+R = SU(2) V i.e. the custodial symmetry.
The same game can be played for the antitriplet. Now SU(2) transformations will act on both sides, as∆
where U L = exp {iθ a L σ a /2} andŪ R = exp {iθ a Rσ a /2} 7 . The condition is now,
This relation is preserved (the unbroken subgroup is the vectorial one) if
One could also use the vector representation,∆ T = (Σ −1 , Σ 0 , Σ 1 ). In this case, Using them this calculation leads to the same results. Another check to see whether the new particle content preserves the custodial symmetry is to compute the tree-level contributions to the ρ parameter. The only extra contribution will come from, φ . However the direction that keeps the custodial symmetry safe is stronger than ρ = 1 at tree level, as it also prevents corrections to the ρ parameter at loop level from superpotential couplings.
C RGE for Yukawa couplings
The superpotential (2.4) can be written in component superfields as
However in our model, when computing the beta functions for the Yukawa parameters appearing in the superpotential, one has to keep in mind that the breaking induced by g ′ and the top Yukawa coupling will split the custodially preserving coefficients written in (2.4) . Because of this we should write the general superpotential in terms of SU(2) L multiplets where custodial invariance is not implemented. In particular the trilinear superpotential involving the Yukawa parameters, using the notation previously used in Ref. [19] , reads as 
